We examined (CTG)n lengths in various tissues from a 70-year-old man with myotonic dystrophy type 1 (DM1) who had a small 60-70 (CTG)n expansion in his leukocytes. He died of renal cell carcinoma 5 years after a total laryngectomy for laryngeal carcinoma. Southern blot and polymerase chain reaction analyses were done on tissues obtained at autopsy. In the various normal tissues, (CTG)n lengths were almost all the same size, whereas the renal cell carcinoma and metastatic tissues had longer lengths. When compared with the lengths in leukocytes about 5 years previously, (CTG)n lengths in the normal tissues were the same size. These findings suggest that both somatic instability and age-dependent (CTG)n expansion in DM1 patients with a small expansion may be less dominant than in patients with large expansions. (Internal Medicine 41 : 312-318, 2002) 
Introduction
Myotonic dystrophy type 1 (DM1) (1) is an autosomal dominant disorder characterized by a broad spectrum of clinical features (2). The genetic mutation responsible for DM1 is the unstable expansion of CTG triplet repeats [(CTG)J in the 3' untranslated region of the gene encoding myotonic dystrophy protein kinase (DMPK) (3-5). Elongation of (CTG)n expansions from one generation to another correlates with both earHer age at onset and increasing disease severity in successive generations. This unique feature is called "anticipation"
(3-5). Somatic instability of (CTG)n also has been reported in DM1 patients (6-10). The dynamics of (CTG)n instability associated with DM1 depends on factors such as the size of the (CTG)n and the sex of the transmitting parent (ll). Moreover, both intergenerational changes and somatic instability are most likely to occur during early embryonic mitotic division and somatic and germ-line tissue formation (8, 9) . In addition, (CTG)n expansions are age dependent and relatively small expansions m ay occur slowly (12, 13).
The DMPKgene maybelong to a sub family of tumor suppressor genes (14), and DM1 patients who carried benign or malignant tumors have been reported ( 1 5-29) .
(CTG)n lengths in tumors also are reported to be markedly increased as compared with those in normal tissues and leukocytes (16, 17, (19) (20) (21) (22) .
Weexamined (CTG)n length in various tissues obtained at autopsy from a DM1 patient with a small 60-70 (CTG)n expansion in his leukocytes, who died of renal cell carcinoma 5 years after a total laryngectomy for laryngeal carcinoma.
For editorial comment, see p 253.
Case Report A59-year-old Japanese manvisited our outpatient clinic for a medical check-up. Although he had no neurological signs or symptoms, he was concerned that he might have DM1 because his daughter and grandniece had typical clinical features of that disorder. A His-bundle electrocardiogram showed a prolonged Figure 1 . Southern blot (A) and PCR (B) analyses of the genomic DNAs in the patient's leukocytes. A) In the Eco R I digest, the control alleles are heterozygous with fragment sizes of 8.6 and 9.8 kb, whereas in the Bgl I digest they are homozygous with a fragment size of 3.4 kb. In the leukocytes the DNA fragment size is 8.6/9.9 kb in the Eco R I digests and 3.4/3.5 kb in the Bgl I digests. B) Sizes of labeled products obtained by PCR amplification with primers 101 and 102 were analyzed in sequencing gels. DNA fragment sizes in the leukocytes are 160 and 300 bp.
which revealed myotonic discharges.
Southern blot analysis of the tissues and leukocytes obtained was done as described elsewhere (10, 21). Briefly, EcoR I-and Bgl I-digested genomic DNAs (5-10 | Hg) extracted from the samples were hybridized with a 32P-labeled cDNA25 probe (4). As reported elsewhere (21), the respective expanded DNA fragment sizes in the leukocytes, normal laryngeal tissues, and laryngeal carcinoma were 9.9, 9.9, and 19.4 kb in the EcoR I digests (Fig. 1A) (21) . In the Bgl I digests they were 3.5, 3.5, and 13.0 kb (Fig. 1A) . In addition, DNA extracted from the leukocytes was amplified by a polymerase chain reaction (PCR) with primers 101 and 102, then analyzed in a DNA sequencing gel to accurately determine the repeat length of the allele (3). The leukocyte DNA fragment sizes of the PCR products were found to be 160/300 bp (Fig. IB) . The (CTG)n length in this patient's leukocytes was approximately 60-70. DNA fragment sizes in the EcoR I and Bgl I digests of the laryngeal carcinoma were longer than t hose in the leukocytes and normal laryngeal tissues. At age 70, he experienced microhematuria.
Ultrasonography detected a left renal cell carcinoma and multiple metastatic tumors in the liver. On June 8, 2000, he was admitted to our hospital after suffering from three weeks of severe appetite loss and reduced consciousness due to hypercarcemia (serum calcium level 12.4 mg/dl). Laboratory findings on admission are shown in Table 1 . These values are attributable to his renal cell carcinoma and metastatic liver tumors. He died on June 29, and the autopsy was performed 1 hour after death. The pathological diagnosis was 1) clear cell carcinoma in the left kidney, 2) multiple metastases in the liver, small intestine, colon, adrenal gland, right kidney, pancreas, and thyroid gland. No evidence was found of local recurrence or metastasis of the laryngeal carcinoma.
Samples of 22 types of body tissue were obtained. The above 7 tissue types with metastases included part of the tumors. EcoR I -digested genomic DNA probed with cDNA25
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Southern blot and PCR analyses were done. Respective fragment sizes in the tissues with tumor were 8.6/9.9/19.4-21.8 kb in the Eco R I digests (Fig. 2) . In the Bgl I digests, the respective fragment sizes in the same tissues were 3.4/3.5/13.0-15.4 kb (Fig. 2) . In normal tissues without metastases, the sizes were 8.6/9.9 kb in the Eco R I digests and 3.4/3.5 kb in the Bgl I digests (Figs.  2, 3 ). In addition, the DNA fragment sizes of PCR products in all these tissues were uniformly 160/300 bp (Fig. 4 .. wi'jHHHK:^^f^C*^Ml HI á" q'«vk
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Figure 3. Southern blots of the patient's Eco R I-and Bgl I-digested genomic DNAs in various types of normal tissue without metastases. Respective DNA fragment sizes in other normal tissues (white matter and vermis in the cerebellum, the cerebrum, pons, spinal cord, lung, submaxillary gland, and testis (Fig. 3A) . Values for 8 types of skeletal muscle, 3 types for smooth muscle of esophagus, stomach, bladder, and from the cardiac muscle (Fig. 3B) ), are all 8.6/9.9 kb in the Eco R I digests, and in the Bgl I digests they are 3.4/3.5 kb.
gonadoblastoma (29).
In the present patient, renal cell carcinoma was found 5 years after a total laryngectomy for laryngeal carcinoma. He had smoked twenty cigarettes almost every day for 30 years. In the family history no one had had a malignancy. Although laryngeal carcinoma has been indicated as being closely related to smoking, we could not confirm a relationship in our patient. Figure 4 . PCR analysis. The sizes of labeled products obtained by PCR amplification with primers 101 and 102 were determined in sequencing gels. DNA fragment sizes for the 31 kinds of tissues tested are uniformly 160 and 300 bp (lanes 1-8, ll-18, 19-26, and 29-35) . Molecular markers are shown in lanes 9, 10, 27, and 28. The 300 bp found in the PCR analysis corresponds to the 60-70 CTG repeat length of the molecular marker.
crassa (3 1). These genes belong to the serine/threonine protein kinase sub family. Homozygous wts"clones develop prominent outgrowths on adult cell bodies (30), and Cot-1~muta-tions show local hyphal cellular hypertrophy (3 1), indicative that these molecules have essential regulatory functions in cell differentiationand replication ( 14) . Watson (32) and Harris et al (14) speculated that the DMPK gene with normal (CTG)n length may act as a tumor suppressor. Demonstration of the loss of heterozygosity in the coding region of DMPK in tumor tissues associated with DM1 would support this hypothesis. If so, tumor incidence should be higher in patients whose (CTG)n segments are longer than normal. Moreover, abnormalities in cell-regulatory proteins are reported to trigger various types of carcinoma (33). Human DMPK is closely related to orb6 which is similar to Drosophila wts kinase and mammalian Rho-associated kinase (34). The orb6 gene is required to maintain cell polarity throughout the interphase period of the cell cycle. Cells with mutant orb6 lose growth polarity, becoming spherical with disorganizedmicrotubule arrays and delocalized actin dots (34). DMPK with expanded (CTG)n therefore could trigger abnormal cell cycles and the consequent development of various types of carcinoma.
Wefound that the DNA fragment size in the ovarian cancer of a womanwith DM1 was markedly longer than in her ovarian cyst and leukocytes (16). As reported previously, in the present patient the DNA fragment size in his laryngeal carcinoma was longer than in the normal laryngeal tissues and leukocytes (21). On the basis of these and other findings (16, 17, (19) (20) (21) (22) , wespeculate that the longest allelic band produced in the Southern blot analysis was derived from tumor tissue. Interestingly, the longest DNA fragment from his renal cell carcinoma was almost the same length as that from his laryngeal carcinoma. Both the remaining expanded DNAfragments from the tissues intermixed with tumor and the fragments from the normal tissues were almost the same length as those from the leukocytes.These findings were even clearer in the PCR analysis. Variation in (CTG)n length in genomic DNAs of tissues from DM1 patients is called somatic instability (6-10). The length in the cerebellum is the shortest of the various tissue values (10, 35). Generally, elongation of (CTG)n is considered to occur during early embryonic mitotic cell division and somatic and germline tissue formation (8, 9) and is thought to be age dependent (12, 13). In our study, all of the normal tissues, including the cerebellum, had almost the same (CTG)n length as in the leukocytes. These findings indicate that somatic instability may have been less dominant or nil in this patient with a small 60-70 (CTG)n expansion. Gourdon and colleagues (1 1, 36) reported that somatic instability is size-dependent in 20-, 55-, and >300-(CTG)n transgenic mice: 1) Normal 20-(CTG)n is somatically stable. 2) For the small 55-(CTG)n expansion, minimal differences between tissues exist for (CTG)n size. 3) Very large differences in the >300-(CTG)n exist between tissues. These results indicate that (CTG)n length affects somatic instability. Although 55-(CTG)n mice showed slight somatic instability (ll, 36) , the presence of somatic instability was not clear in our patient. One reason for this discrepancy may be species difference; the 55-(CTG)n in mice may be equivalent to a somewhat longer repeat in human DM1. Another factor may be the sensitivity of the detection method. The PCR we used may be less sensitive for detecting a difference in one repeat. A more accurate procedure is needed. Moreover, when compared with the length for the leukocytes found about 5 years ago, lengths in the normal tissues were similar. This indicates that age-dependent (CTG)n expansion may have been less dominant or nil in this patient with a small expansion.
The precise mechanism of (CTG)n expansion is not known. Possibly, somatic instability may be less frequent or nil in DM1 patients, in whom(CTG)n expansion is small and clinical features do not appear until old age. The tandem and triplet repeat instability found in a variety of human tumors is associated with a deficiency in DNA strand-specific mismatch repair (37, 38) . Wooster et al (22) proposed that somatic instability in DM 1 probably is caused by DNA strand misalignment during replication, which results in expansion of the repetitive sequence of CTG if repaired incorrectly.
Development of DNA strand misalignment may be resisted in patients with a small (CTG)n expansion, whereas marked misalignment may occur in those with a larger expansion. If the specific mechanism that regulates (CTG)n length can be determined, it should clarify the findings for our DM1 patient with small expansion, who may have escaped somatic instability.
Conclusion
A patient with DM1 and a small (CTG)n expansion of approximately 60-70 in his leukocytes had the minimal clinical features of the disorder. Moreover, he had accompanying laryngeal and renal cell carcinomas. We found that his tumor tissues carried longer (CTG)n expansions than did his normal tissues. Surprisingly, the (CTG)n lengths in various normal tissues were almost the same. Moreover, the (CTG)n lengths in those tissues were approximately 60-70 repeats, the same as in his leukocytes about 5 years ago. Somatic instability was not present in this patient. 
